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Abstract

Background. Type 2 diabetes mellitus (DM) is a known systemic risk factor for periodontitis. An increased
expression of (D44 has been suggested in type 2 diabetics and periodontitis patients.

Objectives. The present study aimed to assess the expression of (D44 antigen in patients with chronic
periodontitis (CP) and type 2 DM in a South Indian urban population. Additionally, the relationships be-
tween the expression of (D44 antigen in gingival tissues, periodontal clinical parameters, and the random
blood sugar (RBS) and glycated hemoglobin (HbA1c) levels were assessed.

Material and methods. A total of 63 subjects were divided into 3 groups: systemically and perio-
dontally healthy controls (group H); CP patients, otherwise healthy (group CP); and (P patients with type 2 DM
(group CP-+DM). Periodontal parameters were recorded for all groups, and additionally the RBS and HbATc
levels for group CP+DM. Gingival tissue samples were obtained and subjected to immunohistochemical
analysis for (D44,

Results. The expression of (D44 was significantly higher in the diseased groups. Epithelial (D44 expres-
sion was significantly stronger in group CP+-DM as compared to groups CP and H (p < 0.001), whereas
connective tissue (D44 expression was similar in groups CP and CP++DM (p = 0.657). Furthermore, an in-
verse relationship was observed between blood glucose parameters and (D44 expression in the epithelium
and connective tissue.

Conclusions. The expression of (D44 increased with the severity of periodontal disease. Additionally,
glycemic control in patients with CP and type 2 DM had an impact on (D44 expression. Our findings
indicate a possible destructive role of (D44 in the pathogenesis of periodontal diseases in individuals with
type 2 DM.

Keywords: diabetes mellitus, hyaluronan receptors, immunohistochemistry/methods, periodontitis,
etiology
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Introduction

Diabetes mellitus (DM) is a chronic non-communicable
metabolic disorder afflicting the global population, char-
acterized by abnormal insulin secretion and activity.! The
American Diabetic Association (ADA) recognizes chronic
periodontitis (CP) as the 6 complication of type 2 DM,
along with 5 others, namely retinopathy, neuropathy,
nephropathy, macrovascular disease, and altered wound
healing.>® These complications are direct consequences
of hyperglycemia.* The hyperglycemic state activates in-
nate immunity, which leads to an increased release of pro-
inflammatory cytokines, such as interleukin (IL)-1p, IL-6
and tumor necrosis factor alpha (TNF-«).** Chronic
hyperglycemia facilitates anaerobic infection in tissues
by inhibiting the pathways of inflammation resolution,
with the inflammation increasing insulin resistance by
dysregulating glycemic mechanisms. Hyperglycemia can
diminish the synthesis of extracellular matrix (ECM) compo-
nents and connective tissue remodeling by fibroblasts and
osteoblasts. The interaction between advanced glycation-
end products (AGEs) and their receptors (RAGEs) leads
to the formation of free radicals. This alters the relation-
ship between connective tissue cells and their matrix, as
well as capillary integrity.5”

CD44 is a type 1 transmembrane glycoprotein expressed
in various cell types, including epithelial, endothelial,
lymphoid, and myeloid cells, and fibroblasts. The mole-
cule is responsible for a wide array of functions, including
the cell-cell and cell-matrix interactions during inflam-
matory tissue remodeling and regeneration.®® The glycos-
aminoglycan hyaluronan (HA) is a key ligand that binds to
CD44. The receptor-ligand interaction leads to enhanced
immunological events, thus playing a significant role in
chronic inflammatory diseases.'® CD44 is known to be
strongly expressed in the epithelium and connective
tissue of patients with type 1 and 2 DM and CP.!!

India has the second largest diabetic population
after China. It has been reported that the advancement
of pre-diabetes to diabetes is more rapid in urban Indian
populations.’? Given that type 2 DM is a recognized
systemic risk factor for CP and periodontitis is a recog-
nized complication of uncontrolled type 2 DM, we
hypothesized that the dysregulation of CD44 expression
in individuals with type 2 DM plays a substantial role in
this bidirectional pathogenesis involving periodontitis
patients.!’>!* As such, this study aimed to evaluate the
expression of CD44 antigen in patients with CP and type 2
DM in a South Indian urban population. Additionally,
we assessed the relationships between the expression
of CD44 antigen in gingival tissues, periodontal clini-
cal parameters, and the random blood sugar (RBS) and
glycated hemoglobin (HbAlc) levels. The null hypo-
thesis stated that there are no differences in CD44 antigen
expression between individuals diagnosed with CP and
those with CP and type 2 DM.
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Material and methods

This cross-sectional study was conducted at the
Department of Periodontics, SRM Dental College,
Chennai, India, between October 2011 and January 2013.
The study was approved by the Institutional Scientific
and Ethical Review Board before commencement (No.
SRMU/M&HS/SRMDC/2010-13/M.D.S-PG student/504).
All subjects received the explanation of the study purpose
and procedures, and provided written informed consent to
participate. The study was conducted prior to the release
of the new periodontal disease classification in 2018.1°
Hence, we continue using terms such as CP throughout
this paper. However, according to the new classification, we
would have referred to Stage 3 or 4 and Grade B.!°

Study population

A total of 63 subjects aged 20-70 years (mean age:
43.1 years) were recruited for the study based on the selection
criteria. The study participants were divided into 3 groups:
group H — systemically and periodontally healthy control
subjects (7 males and 14 females; mean age: 30.90 +8.98 years);
group CP — patients with CP who were otherwise healthy
(6 males and 15 females; mean age: 43.90 +10.22 years); and
group CP+DM - patients with CP and type 2 DM (10 males
and 11 females; mean age: 54.33 £10.91 years).

Inclusion criteria

Group H included subjects with no clinical evidence
of gingival inflammation, the sulcus depth <3 mm and no
clinical attachment loss (CAL). Group CP included patients
with a diagnosis of CP based on the American Academy
of Periodontology (AAP) 1999 Classification of Periodontal
Diseases and Conditions!; they had at least 20 teeth, with the
probing pocket depth (PPD) >4mm, CAL > 3mm and bleed-
ing on probing (BOP). Group CP+DM recruited patients with
self-reported DM with a minimum duration of 6 months.
Additionally, the RBS and HbA1c levels were assessed to in-
clude patients with HbA1lc > 6% of total hemoglobin.

Exclusion criteria

Patients with known systemic diseases other than
DM, smokers, those with a history of periodontal treat-
ment in the last 6 months, those using antibiotics or anti-
inflammatory drugs in the past 6 months, and pregnant and
lactating women were excluded. In addition, patients with
normal HbAlc levels were excluded from group CP+DM.

Clinical protocol

Full-mouth clinical parameters, including the plaque index
(PI), the gingival index (GI), PPD, and CAL, were recorded.
A single calibrated examiner recorded PPD and CAL using
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a UNC 15 periodontal probe. Following the examination, the
patients from group CP+DM were evaluated for their blood
sugar levels, and the eligible participants had gingival sam-
ples collected at the subsequent appointment.

Gingival sample collection

In group H, gingival samples were collected during surgical
crown lengthening procedures and tooth extraction for ortho-
dontic purposes. In groups CP and CP+DM, the samples
were collected from areas of Grade 3 tooth mobility, resulting
from severe periodontitis and indicated for extraction.

Gingival biopsies were performed with blade No. 15
under adequate local anesthesia (2% lignocaine with 1:80,000
adrenaline), using an internal bevel incision. The samples
were washed with a sterile saline solution and immediately
fixed in 10% neutral buffered formalin (NBF). The biopsy
specimens were embedded in paraffin blocks. The blocks
were sectioned to a thickness of 4 pm, mounted on poly-L-
lysine-coated glass slides, incubated at 37°C for 1 day, and
further incubated at 58°C for 1 h before deparaffinization.

The paraffin-embedded sections were deparaffinized, re-
hydrated and treated with 3% hydrogen peroxide at 37°C for
30 min to block endogenous peroxidase activity. Then, they
were rinsed with phosphate-buffered saline (PBS) for 5 min
and treated in a microwave oven with Tris-EDTA buffer (pH
6.0) for 10 min for antigen retrieval.l” The slides were cooled
to room temperature for 20 min, rinsed with distilled water
for 5 min and washed twice with PBS (pH 7.6) for 5 min.
Next, they were placed in 3% hydrogen peroxide for 15 min
and washed with PBS for 5 min. To prevent non-specific
reactions with other tissue antigens, the slides were treated
with Power Block™, which contains casein and proprietary
additives, in PBS with sodium azide 15 M for 15 min. The
sections were then incubated with the CD44 primary anti-
body at room temperature for 1 h. After rinsing 3 times
with PBS for 5 min, the sections were incubated with the
biotinylated secondary antibody at room temperature for
30 min. The specific reaction for each antibody was visual-
ized using 3,3’-diaminobenzidine. The sections were then
counterstained with Mayer’s hematoxylin, air-dried, cleared
in xylene, and mounted on slides with the use of the
dibutylphthalate polystyrene xylene (DPX) medium.!®

The immunodetection of CD44 was performed with
the use of BioGenex Super Sensitive™ Detection Systems
(BioGenex, Chennai, India). The immunohistochemistry
(IHC) procedure was conducted in the Oral Pathology
Laboratory, SRM Dental College, Chennai, India.

Immunohistochemistry image analysis

The mounted sections were observed under a light
microscope (Olympus BX51; Olympus, Tokyo, Japan) to
evaluate immunostaining in epithelial and connective
tissue cells. Positivity was determined based on the brown
stain of diaminobenzidine. The quantitative estimation

involved counting the number of CD44-positive cells in
more representative areas under light microscopy at x400
magnification, using the Image-Pro Plus software, v. 6.3
(Media Cybernetics, Inc., Rockville, USA).18

Statistical analysis

Statistical analysis employed SPSS Statistics for Windows,
v. 17.0 (SPSS Inc., Chicago, USA). The normality of data
distribution was assessed using the Kolmogorov—Smirnov
test. Since the values were normally distributed, para-
metric tests were used for further analysis. The para-
meters in this study were expressed as mean + standard
deviation (M +SD). A p-value <0.05 was considered
statistically significant. To compare continuous variables
between the groups, the one-way analysis of variance
(ANOVA) was used, with Tukey’s post hoc test for multi-
ple comparisons. The Pearson correlation coefficient was
used to determine correlations between variables.

Results

Demographics and clinical characteristics

The study involved 63 adults aged 20-70 years. Table 1
presents the demographic data and clinical characteristics
of the participants. Periodontal parameters and age were
higher in periodontitis patients with DM (group CP+DM)
as compared to patients with periodontitis alone (group CP).

Table 1. General demographics and clinical characteristics of the study
participants

: Group H Group CP | Group CP+DM
Variables (n=21) (n=21) (n=21)
M 7 6 10

Gender
n F 14 15 11
gge;ﬂ 30904898 439041022 54.33 +1091
Pl 06+0.1 19405 24404
Gl 05+0.1 20405 24404
[if% 18403  55+13 6.6+09
Clinical [quﬁLﬂ 11402  53+13 71414
parameters .
d“ra[t;zgg]f oM - 498 +450
[mF;EiZL] - - 17670 +79.70
Ht[’ozf ¢ - - 6.08 +1.04

Data presented as mean + standard deviation (M +5D). Groups: H — healthy
controls; CP — patients with chronic periodontitis (CP); CP+DM - patients
with CP and type 2 diabetes mellitus (DM). M — male; F - female; Pl - plaque
index; Gl — gingival index; PPD — probing pocket depth; CAL — clinical
attachment loss; RBS — random blood sugar; HbA1c - glycated hemoglobin.
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CDA44 expression

Allgroupsexhibited CD44immunopositivity (Table2).
Figure 1 shows representative IHC images of CD44
expression. Positive staining for CD44 was observed in
the basal layer of the epithelium. Strong cytoplasmic
positivity was evident in basal and parabasal cells
of healthy controls (group H) (Fig. 1A,B). In patients
with CP but without DM (group CP), strong positive
staining for CD44 was observed in the basal layer of the
epithelium and the stromal cells of the connective
tissue, specifically in lymphocytes (Fig. 1C,D). In pa-
tients with both CP and DM (group CP+DM), stronger
positive staining for CD44 was observed in most cells
of the epithelial layer, suggestive of hyperplasia. Dense
positivity was also noted in many cells of the connective
tissue, specifically in lymphocytes and endothelial cells
(Fig. 1E,F).

Although all groups showed immunopositivity, the
diseased groups exhibited a higher CD44 expression
(Table 2). There was a significantly stronger epithe-
lial CD44 expression in group CP+DM as compared to
group CP (p < 0.001), whereas the expression of CD44
in the connective tissue was similar in groups CP and
CP+DM (p = 0.657) (Table 3).

The relationships between CD44 expression and perio-
dontal parameters are presented in Table 4. There were
statistically significant positive correlations between clini-
cal parameters (PI, GI, PPD, and CAL) and CD44 expres-
sion in the epithelium and connective tissue (p < 0.001).

Table 2. Comparison of CD44 expression (the number of stained cells)
between the groups

CD44

: Group CP
expression
Epithelium 20624564 3143+344 38864541  <0001*
tcigstzec“"e 15764402 39574580 412441595 <0.001*

Data presented as M +SD. * statistically significant.

Table 3. Comparison of CD44 expression (the number of stained cells)
between groups CP and CP+DM

CD44 expression Group CP Group CP+DM
Epithelium 3143 +3.44 38.86 541 <0.001*
Connective tissue 39.57 £5.80 41.24 £15.95 <0657

Data presented as M 5D, * statistically significant.

Table 4. Correlations between CD44 expression and clinical parameters

CDA44 expression

Fig. 1. Immunohistochemical staining for CD44 expression across the groups

AB - group H; C.D - group CP; EF — group CP+DM. Pictures B, D and F were
used as representative images for counting CD44-positive cells with the use
of Image-Pro Plus.

We further observed a statistically significant inverse rela-
tionship between connective tissue CD44 expression and
blood glucose parameters (RBS and HbAlc) (p < 0.001).
Epithelial CD44 expression did not show any significant
correlation with the RBS and HbAlc levels, although
a negative correlation was observed.

Discussion

This cross-sectional investigation analyzed the expres-
sion of CD44 in the gingival tissue samples obtained from
CP patients with and without DM, from a South Indian
urban population. There is mounting evidence for the ris-
ing prevalence of diabetes in both urban and rural popula-
tions of India.!’® The largest national study of diabetes,
funded by the Indian government, involved 15 states and
reported the spread of a diabetes epidemic among those
with a lower socioeconomic status within urban popula-
tions.121?

r 0.792 0.745
Epithelium
p-value <0.001* <0.001*
r 0.552 0.546
Connective tissue
p-value <0.001* <0.001*

0.746 0.764 —0.206 —-0.146
<0.001* <0.001* 0.370 0.527
0.608 0.570 —0.653 -0.877
<0.001* <0.001* <0.001* <0.001*

r — Pearson correlation coefficient; * statistically significant.
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The current study used an immunohistochemical tech-
nique to assess CD44 expression. The findings showed
strong CD44 immunopositivity in periodontal disease
groups. There was a significant increase in the expression
of CD44 in epithelial cells of CP patients with type 2 DM
as compared to CP patients without DM and healthy
controls. Furthermore, the expression of CD44 in the
stromal connective tissue was higher in the diseased groups
as compared to healthy controls. However, there was no
significant difference between the diseased groups with
and without type 2 DM, although an inverse relationship
was observed between CD44 expression and the blood
glucose levels.

Our findings are in agreement with previous reports
on CD44 expression in gingival tissues of CP patients
with type 2 DM.!! Elevated levels of soluble CD44 have
also been reported in the saliva of smokers with perio-
dontitis.?*?! Another report indicated elevated CD44 in
peri-implantitis as compared to peri-implant mucositis,
suggesting a strong role of CD44 in the inflammatory
response.?? The current study observed positive stain-
ing for CD44 in the basal layer of the epithelium, with
strong cytoplasmic positivity evident in basal and para-
basal cells of healthy controls, which is in agreement with
a previous report.?? Furthermore, an increased expression
of CD44 in the epithelium was noted in group CP+DM
as compared to group CP, which could be due to the re-
lease of pro-inflammatory mediators, such as TNF-q, in
response to AGEs. A previous in vitro study demonstrat-
ed an increased CD44v6 expression in human gingival
epithelial cell lines when they were stimulated with pro-
inflammatory mediators, such as TNF-a and interferon
gamma (IFN-y).?* The current findings of an increased
CD44 epithelial expression contradict a previous report
that did not find any difference in epithelial CD44 expres-
sion,!! though this could be attributed to the different
populations investigated and methods used.

The current study found an increase in connective tissue
CD44 expression among CP patients, indicating that CD44
is involved in the recruitment of inflammatory cells at the
site of periodontal inflammation, as reported in a previous
study.® Additionally, HA is a key ligand for CD44 in ECM.
The CD44-HA complex can mediate adhesive interactions
between lymphocytes and gingival fibroblasts, and such
interactions may provide intracellular cell activation signals
that regulate proliferative T cell responses and stimulate
the production of pro-inflammatory cytokines. Further-
more, CD44 is involved in healing by mediating the inter-
actions between platelets and the subendothelial tissue; it
has been suggested that platelets express CD44 on their
surface to facilitate HA binding in the subendothelial tissue
during wound healing.? The current findings support
a possible role for CD44 in the wound healing of tissues
affected by inflammatory destruction. A thorough under-
standing of the role of the CD44—HA complex may help in
effective periodontitis management.?”

Type 2 DM is a metabolic condition known to cause
endoplasmic reticulum stress, which further induces the
deposition of HA. Furthermore, HA plays a role in retaining
inflammatory cells at the site of inflammation via CD44
receptors, which may explain an increased expression
of CD44 receptors in type 2 DM patients and excessive
inflammatory tissue destruction.?#? The present study
observed an inverse relationship between the blood
glucose levels and CD44 antigen expression among CP
patients with type 2 DM, which could be explained by
well-controlled diabetes.

Animal experiments have shown that in some auto-
immune diseases, such as rheumatoid arthritis and
type 1 DM, blocking CD44 receptors can affect down-
stream adaptive and innate immune interactions, im-
peding further accumulation of inflammatory cells
and worsening of the condition.?® Our findings sug-
gest that dense CD44 positivity in connective tissue
lymphocytes can be attributed to the activated CD44
participation in lymphocyte trafficking to the inflam-
matory sites, and may indicate impending episodes
of hyper-inflammatory or autoimmune-type responses.®
Based on this premise, it can be speculated that there
is an autoimmune-type response in periodontal tissues
of diabetic patients due to the excessive expression
of these receptors, which may be a potential therapeutic
target.3!

The strengths of this study include reporting the
immunolocalization of CD44 in gingival tissues by using
IHC, and having adequate power in comparison with pre-
vious studies. The findings contribute to a better under-
standing of the pathogenesis of CP in type 2 DM patients
in a South Indian urban population with a high preva-
lence of DM.

Limitations of the study include the lack of assessment
of the principal CD44 ligand, HA, and other CD44 iso-
forms, which could have provided a better insight into the
exact mechanistic links in these patients.

The 2018 classification of periodontal diseases catego-
rizes periodontitis based on staging and grading.!> The
new framework has provided us with the ability to intro-
duce potential validated biomarkers for improved case
definition.?? In this context, it would be interesting to see
whether CD44 could be considered a validated biomarker
in the future.

India is undergoing a significant shift from communi-
cable diseases to non-communicable diseases, such as
DM, with the trend of increasing prevalence demonstrat-
ed by the results of several studies conducted in Chennai.
The development of diagnostic and prognostic biomark-
ers for DM in a dental setting will strengthen the ability
of the healthcare system to prevent complications associ-
ated with the disease.3? Understanding diabetic patients
of an Asian Indian phenotype can promote advancement
in preventive and therapeutic strategies in medical and
dental settings.



Conclusions

To date, the role of CD44 in the pathogenesis of perio-
dontitis and type 2 DM remains unclear. The current
study rejected the null hypothesis, suggesting the possi-
bility of a shift in the role of CD44 from protective to de-
structive in the host response of CP patients with DM as
compared to those with CP alone. CD44 could essentially
serve as a diagnostic biomarker and a therapeutic target
in the future. However, longitudinal studies with a robust
design are necessary in this area. This study adds to the
existing evidence and suggests that blocking CD44 with
CD44 antagonists might prove beneficial as a novel thera-
peutic strategy in the management of periodontal diseases,
especially in patients with DM.
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and Ethical Review Board before commencement (No.
SRMU/M&HS/SRMDC/2010-13/M.D.S-PG  student/504).
All subjects provided written informed consent to parti-
cipate in the study.

Data availability

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on
reasonable request.

Consent for publication
Not applicable.

ORCID iDs

Deepavalli ArumugaNainar @ https://orcid.org/0000-0002-1642-5287
Vanaja Krishna Naik @ https://orcid.org/0000-0002-8013-7554

Ramya Ramadoss @ https://orcid.org/0000-0001-9408-3158

Aruna Balasundaram @ https://orcid.org/0000-0002-0551-1593
Dayanand John Victor @ https://orcid.org/0000-0002-1631-6427

References

1. Matthews DC. The relationship between diabetes and periodontal
disease. J Can Dent Assoc. 2002;68(3):161-164. PMID:11911811.

2. Loe H. Periodontal disease. The sixth complication of diabetes
mellitus. Diabetes Care. 1993;16(1):329-334. PMID:8422804.

3. Roy S, Kant R, Kumar B, Khapre M, Bairwa M. Systolic dysfunction in
asymptomatic type 2 diabetic patients, a harbinger of microvascular
complications: A cross-sectional study from North India. Diab Vasc
Dis Res. 2020;17(4):1479164120944134. doi:10.1177/1479164120944134

4, Marcovecchio ML, Lucantoni M, Chiarelli F. Role of chronic and acute
hyperglycemia in the development of diabetes complications.
Diabetes Technol Ther.2011;13(3):389-394.d0i:10.1089/dia.2010.0146

5. Mirza S, Hossain M, Mathews C, et al. Type 2-diabetes is associated
with elevated levels of TNF-alpha, IL-6 and adiponectin and low levels
of leptin in a population of Mexican Americans: A cross-sectional
study. Cytokine. 2012;57(1):136-142. doi:10.1016/j.cyt0.2011.09.029

6. Khalid M, Petroianu G, Adem A. Advanced glycation end products
and diabetes mellitus: Mechanisms and perspectives. Biomolecules.
2022;12(4):542. doi:10.3390/biom12040542

20.

21.

22.

23.

24,

25.

26.

D. Arumuganainar et al. (D44 in periodontitis and type 2 diabetes

. Shim E, Babu JP. Glycated albumin produced in diabetic hyper-

glycemia promotes monocyte secretion of inflammatory cyto-
kines and bacterial adherence to epithelial cells. J Periodontal Res.
2015;50(2):197-204. doi:10.1111/jre.12194

. Siegelman MH, DeGrendele HC, Estess P. Activation and interaction

of CD44 and hyaluronan in immunological systems. J Leukoc Biol.
1999;66(2):315-321. doi:10.1002/jlb.66.2.315

. Jordan AR, Racine RR, Hennig MJ, Lokeshwar VB. The role of CD44 in

disease pathophysiology and targeted treatment. Front Immunol.
2015;6:182. doi:10.3389/fimmu.2015.00182

. Johnson LA, Jackson DG. Hyaluronan and its receptors: Key media-

tors of immune cell entry and trafficking in the lymphatic system.
Cells. 2021;10(8):2061. doi:10.3390/cells10082061

. Lucarini G, Zizzi A, Aspriello SD, et al. Involvement of vascular

endothelial growth factor, CD44 and CD133 in periodontal disease
and diabetes: An immunohistochemical study. J Clin Periodontol.
2009;36(1):3-10. doi:10.1111/j.1600-051X.2008.01338.x

. Anjana RM, Pradeepa R, Deepa M, et al; ICMR-INDIAB Collaborative

Study Group. Prevalence of diabetes and prediabetes (impaired
fasting glucose and/or impaired glucose tolerance) in urban
and rural India: Phase | results of the Indian Council of Medical
Research-INdia DIABetes (ICMR-INDIAB) study. Diabetologia.
2011;54(12):3022-3027. doi:10.1007/s00125-011-2291-5

. Preshaw PM, Alba AL, Herrera D, et al. Periodontitis and diabetes:

A two-way relationship. Diabetologia. 2012;55(1):21-31. doi:10.1007/
s00125-011-2342-y

. Kodama K, Horikoshi M, Toda K, et al. Expression-based genome-

wide association study links the receptor CD44 in adipose tissue
with type 2 diabetes. Proc Nat/ Acad Sci U S A. 2012;109(18):7049-7054.
doi:10.1073/pnas.1114513109

. Caton JG, Armitage G, Berglundh T, et al. A new classification

scheme for periodontal and peri-implant diseases and condi-
tions — introduction and key changes from the 1999 classification.
J Periodontol. 2018;89(Suppl 1):51-S8. doi:10.1002/JPER.18-0157

. Armitage GC. Development of a classification system for

periodontal diseases and conditions. Ann Periodontol. 1999;4(1):1-6.
doi:10.1902/annals.1999.4.1.1

Cattoretti G, Pileri S, Parravicini C, et al. Antigen unmasking on
formalin-fixed, paraffin-embedded tissue sections. J Pathol.
1993;171(2):83-98. doi:10.1002/path.1711710205

. Séguier S, Godeau G, Brousse N. Collagen fibers and inflamma-

tory cells in healthy and diseased human gingival tissues: A com-
parative and quantitative study by immunohistochemistry and
automated image analysis. J Periodontol. 2000;71(7):1079-1085.
doi:10.1902/jop.2000.71.7.1079

. Vaz NC, Ferreira AM, Kulkarni MS, Vaz FS. Prevalence of diabetes

mellitus in a rural population of Goa, India. Natl Med J India.
2011;24(1):16-18. PMID:21608352.

Ghallab N, Shaker O. Salivary-soluble CD44 levels in smokers and
non-smokers with chronic periodontitis: A pilot study. J Periodontol.
2010;81(5):710-717. d0i:10.1902/jop.2010.090630

Kaur S, Narayanswamy S, Ramesh AV. Comparative evaluation
of salivary soluble CD44 levels in periodontal health and disease.
J Indian Soc Periodontol. 2014;18(6):734-738. doi:10.4103/0972-
124X.147409

Lucarini G, Zizzi A, Rubini C, Ciolino F, Aspriello SD. VEGF, microvessel
density, and CD44 as inflammation markers in peri-implant healthy
mucosa, peri-implant mucositis, and peri-implantitis: Impact
of age, smoking, PPD, and obesity. Inflammation. 2019;42(2):682-689.
doi:10.1007/s10753-018-0926-0

Oliveira DT, Odell EW. Expression of CD44 variant exons by
normal oral epithelia. Oral Oncol. 1997;33(4):260-262. doi:10.1016/
s0964-1955(97)00081-x

Hirano F, Hirano H, Hino E, et al. CD44 isoform expression in periodontal
tissues: Cell-type specific regulation of alternative splicing.
J Periodontal Res. 1997;32(8):634-645. doi:10.1111/j.1600-0765.1997.
tb00573.x

Leonardi R, Loreto C, Caltabiano R, Caltabiano C. Immunolocalization
of CD44s in human teeth. Acta Histochem. 2006;108(6):425-429.
doi:10.1016/j.acthis.2006.06.006

Queisser KA, Mellema RA, Petrey AC. Hyaluronan and its receptors
as regulatory molecules of the endothelial interface. J Histochem
Cytochem. 2021;69(1):25-34. doi:10.1369/0022155420954296



Dent Med Probl.

27.

28.

29.

30.

3

32.

Engstrom PE, Shi XQ, Tronje G, et al. The effect of hyaluronan on
bone and soft tissue and immune response in wound healing.
J Periodontol. 2001;72(9):1192-1200. doi:10.1902/jop.2000.72.9.1192
Rocha M, Diaz-Morales N, Rovira-Llopis S, et al. Mitochondrial dys-
function and endoplasmic reticulum stress in diabetes. Curr Pharm Des.
2016;22(18):2640-2649. doi:10.2174/1381612822666160209152033
Majors AK, Austin RC, De la Motte CA, et al. Endoplasmic reticulum
stress induces hyaluronan deposition and leukocyte adhesion.
J Biol Chem. 2003;278(47):47223-47231. doi:10.1074/jbc.M304871200
Assayag-Asherie N, Sever D, Bogdani M, et al. Can CD44 be
a mediator of cell destruction? The challenge of type 1 diabetes.
PLoS One. 2015;10(12):e0143589. d0i:10.1371/journal.pone.0143589
Sarraj B, Ludanyi K, Glant TT, Finnegan A, Mikecz K. Expression
of CD44 and L-selectin in the innate immune system is required
for severe joint inflammation in the proteoglycan-induced murine
model of rheumatoid arthritis. J Immunol. 2006;177(3):1932-1940.
doi:10.4049/jimmunol.177.3.1932

Montero E, Matesanz P, Nobili A, et al; SEPA Research Network
of Dental Clinics. Screening of undiagnosed hyperglycaemia in the
dental setting: The DiabetRisk study. A field trial. J Clin Periodontol.
2021;48(3):378-388. doi:10.1111/jcpe.13408



